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C1367/C 

Title: Improved seed drill 
Field of invention 

This invention relates to a new method and apparatus for planting seed to produce 
agricultural crops. 

Pacjcgroytnd tq foe myentiQii 

It is known to cultivate land (which may have been previously ploughed) and then sow 
seed into the cultivated soil in a plurality of parallel spaced apart lines using conventional 
seed drilling apparatus that is pulled by, or attached to, a tractor. 

It is an object of the present invention to provide an improved method and apparatus for 
sowing seed directly into uncultivated land (e.g. into stubble). The method and apparatus 
may be used for to sowing in minimally cultivated seed-beds, which may contain 
substantial quantities of straw or other residue from a previous crop which can form a 
mulch, so as to create conservation tillage in which soil between the newly sown rows of 
the new crop is left relatively undisturbed, and without modification the appapratus may be 
used for conventional drilling. 

Summary of the invention 

According to one aspect of the invention a method of sowing seed comprises the steps of: 

(a) breaking up soil by pulling laterally spaced apart first tines therethrough with the 
tines set to penetrate a depth which bears a fixed relationship to the depth at which 
the seed is to be sown, to create a corresponding plurality of shallow trenches of 
broken up soil, 
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(b) at a distance behind and in line with each of the first tines, introducing seed to the 
rear of a second tine via seed delivery means associated therewith, the penetration 
depth of the second tine being equal to the depth at which the seed is to be sown in 
the trench, and 

(c) flattening the soil in the trenches by levelling means aligned with and following the 
tines. 



In a first preferred method the second tines penetrate to substantially the same depth as the 
first tines, and may include lateral wings to further break up and lift the soil to facilitate 
the deposition of seeds at the bottom of each trench. 

In a second preferred method the second tines only penetrate to part of the depth of the 
trenches created by the first tines and laterally extending wings thereon lift and spread the 
soil broken up by the first tines near the top of each trench, and the seed is introduced 
below the lifted soil, so that the seed is covered by the soil as it drops back into the upper 
region of each trench. 



In a third preferred method the second tines are set to penetrate to a greater depth than the 
first tines and may include lateral wings to further break up and lift the soil at the bottom 
of the trenches formed by the second tines to facilitate the deposition of seeds at the bottom 
of each trench formed by the second tines. 

According to another aspect of the invention apparatus for performing the method of the 
invention comprises: 



(a) a frame, adapted to be attached to the rear of a tractor, 



(b) a first row of tines carried by the frame and spaced apart across the width of the 
frame, 
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(c) a second row of tines also carried by the frame and spaced apart across the width of 
the frame, each of the tines in the second row being aligned with one of the tines in 
the first row and spaced therefrom in a direction parallel to the direction of forward 
motion of the tractor, 

(d) a hopper means containing seed, 

(e) means for feeding seed therefrom to the rear and underside of each of the second 
tines, 

(f) soil levelling means carried by the frame and located in alignment with the tines to 
the rear of the second row of tines (relative to the forward direction of movement of 
the tractor), so that as the apparatus moves in a forward direction, soil that has been 
disturbed by the tines is generally flattened by the passage of the levelling means 
thereover, 

Preferably the penetration depth of at least some of the tines is adjustable relative to the 
frame. Typically the penetration depth of the first row of tines is adjustable and those in 
the following row are fixed relative to the frame, the actual depth to which the second row 
of tines penetrates being governed by the angle made by the frame to the horizontal as 
determined by its attachment to the towing tractor. 

In one arrangement all the tines are set to penetrate to a similar depth, so that the seed is 
delivered near to or at the bottom of each trench of disturbed and broken-up soil. Where 
this is the case, it may not be necessary to compact the soil above the seed and the 
levelling means in that event may simply comprise levelling tines. 

In another arrangement the tines are adjusted so that those in the second row penetrate to 
only part of the depth penetrated by those in the first row, so that the seed is delivered 
nearer to the top of each trench. In this event each levelling means preferably comprises a 
skid plate or a wheel, the height of which is adjustable, to create just sufficient pressure on 



the sou so as to compact the soil above and in the region of the seed, to create good soil to 
seed contact. 



In a third arrangement the tines are adjusted so that those in the second row penetrate to a 
greater depth than those in the first row. This arrangement may be selected if ground 
conditions suggest that the final depth to which the seed is to be sown should be reached by 
breaking up the soil to a lesser depth by the first row of tines and dragging the deeper tines 
in the second row through the soil broken up to part of the final depth by the first row of 
tines, thereby reducing the loading on both rows of tines to less than what would be 
experienced by the tines in the first row if they had to excavate to the final depth. 

Preferably the tines in the second row include lateral wings which lift the disturbed and 
broken up soil in the trench created by the first tines, as the second tines move 
therethrough, to allow seed to fall below the lifted soil which, as the second tines continue 
to move forward, falls back to cover the seed before the soil is flattened by the following 
levelling means. 

Preferably the pressure exerted on the soil by the levelling means is adjustable and is 
selected so that the soil below the seed will not in general be compacted, so as not to 
impair the aeration and drainage properties created by breaking up the soil below where 
the seed is to lie. 



The hopper means containing the seed may be a single large hopper carried centrally of the 
frame. 



Seed delivery means may be provided which is adapted to covey seed from the hopper 
under gravity or using pneumatically powered delivery means to each of the seed delivery 
means associated with each of the second row of tines. 

Alternatively a separate seed hopper with gravity or powered delivery means associated 
therewith, may be mounted above each of the tines in the second row of tines. 
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The frame may be adapted to be carried on a 3-point linkage at the rear of the tractor, so 
that the overall height of the frame, and angle of inclination thereof relative to the ground, 
can be adjusted in known manner. 

The frame may include depth wheels ahead of the first row of tines. 

Where the frame is to be trailed behind a tractor without using the 3-point linkage, a 
drawbar extends forwardly of the depth wheels for attachment to a towing hook on the 
tractor. 

Where the frame is to be carried on the 3-point linkage, the front of the frame is attached 
to the lower links of the 3-point linkage, and the height and inclination of the frame is 
adjustable by altering the height of the frame relative to the depth wheels. This is achieved 
by altering the height of the lower links of the 3-point linkage so as to pivot the frame 
about the axis of rotation of the depth wheels. Typically the frame is also attached via an 
adjustable length strut to the upper point of attachment of the 3-point linkage. 

Delivery of the seed near the top of the trench will normally be associated with the sowing 
of for example wheat, oats and barley, while delivery of the seed nearer the bottom of the 
trench will tend to be associated with the sowing of crops such as maize and beans, which 
are normally sown at a greater depth. 

The spaced apart rows of tines and soil levelling means are preferably arranged in parallel 
spaced apart V formations. 

Typically the tines in the first row each comprises a knife or slotter tine which can be 
adjusted independently for depth of work. Such tines break the soil to the desired depth, 
create drainage, remove compaction and aerate the soil, which is essential for healthy crop 
growth. Because of their narrow design each of these first tines cuts through even heavy 
loam and clay and forms a primary passage or trench for the following second tine which 
also carries the seed delivery means for that trench. 
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Each second tine may also be independently adjustable for depth of work and may be fitted 
with a sweep/A hoe with a seed spreader outlet to sow seed across the width of the trench 
to whatever level the second tine penetrates. 

Typically this width is of the order 150mm, so that the seed can be thought of as being 
sown in spaced apart strips normally 150mm wide. 

Typically the lateral spacing of the tines is of the order of 320mm so that the result will be 
150/160mm wide seeded strips separated by 150/160mm wide unseeded strips. 

Where the method and apparatus of the invention is used on cropped land where stubble or 
other crop residue remains in the soil, the latter will remain in the unseeded strips and be 
added to by the trenching action of the tines. These unseeded strips will constitute 
conservation bands between the cultivated and seeded strips, in that each front tine creates 
a path for each following second tine and seed delivery means through the crop residue, 
and the second tines tend to displace crop residue such as straw and stubble as well as soil 
into the conservation strips. As previously described the seed is injected below the second 
tine, and soil and crop residue flows back over the seed, to cover it to an appropriate 
depth, as the second tines advance. 

Where seed is to be sown near the top of the trench the second tines may be spring tines 
the lower ends of which include lateral wings to form an A hoe to lift the soil as described. 
Typically the springs are S-shaped. 

Where wheels follow the tines to flatten and compact the soil, one wheel preferably 
follows each second tine, and where the second tines are spring tines, each wheel may be 
attached by a rigid arm to the centre of the S-spring, the upper part of the spring serving to 
exert downward force through the arm on the wheel and thereby through the wheel to the 
soil. As each wheel is independent an even pressure is exerted on each seeded row, unlike 
barrel rolls fitted on some drills. 
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Compaction of the soil after sowing gives good seed to soil contact, enhancing germination 
and reducing slug damage. 

Where the seed is to be sown at or near the bottom of each shallow trench, the second tines 
may be adjusted to penetrate to substantially the same depth as the first, and will normally 
comprise slotter tines similar to the first tines, and in this event the subsequent soil 
flattening may be achieved using wheels or more preferably by using levelling tines, one 
set of levelling tines for each second tine. 

In a method in which the first tines penetrate deeper than the second tines, the first tines 
are typically set to penetrate to a depth in the range 20-170mm deeper than the depth to 
which the seed is to be delivered. 

The invention provides a seed drill and method which is different from anything currently 
available as it can direct drill or be used as a conventional drill over a wide set of soil 
conditions. 

The drill is unique in the way it is set out, how it places the seed and in that it can deal 
with crop residues in an advantageous manner. 

It also only cultivates the soil where the seed is to be planted, thereby creating a 
conservation tillage, by not disturbing the soil between the rows of crop. This has the 
advantage that weed seed in the soil between the sown rows will tend not to germinate 
because the soil between the rows has not been disturbed. 

When used as a direct drill in straw and stubble it has the advantage of moving the crop 
residue such as straw and stubble onto the soil between the crop rows. This acts as a 
mulch, and further enhances weed control with die added advantage that the crop residue 
retains soil moisture. 



This is a considerable advantage on lighter soils that can burn off in dry seasons. However 
the invention is equally applicable to heavier soils since the local break up and resulting 
aeration and drainage created by the first tines, below the seed depth, assists in the 
germination and subsequent growth of the seeds. 

Where seeds such as beans are to be sown it is normally advantageous not to disturb the 
soU below the depth at which they are to be sown so that in that event the first tines should 
not penetrate lower than the second, and advantageously may be set to penetrate to a 
slightly reduced depth compared to the tines in the second row, to achieve this. 

To obtain the best mulching effect when using the invention, it is advantageous to chop 
previous crop residue such as straw, finely and to spread the residue (such as chaff and 
straw) evenly over the ground as or after the previous crop is harvested. 

Leaving the stubble and not ploughing does allow seed from a previous crop and weed 
seeds to germinate, but these can be sprayed off with a contact herbicide. 

Road wheels may be attached to the frame and adapted to be raised or lowered as required, 
for trailing the machine behind a tractor when the road wheels are in their lowered 
position. 

The road wheels may be removable from the frame to reduce the weight of the machine 
when in use, and quick release attachment means may be provided to allow the road 
wheels to be mounted and demounted as required. 

Raising and lowering may be achieved by pivoting support arms relative to the frame, the 
wheels being carried on stub axles at the ends of the arms remote from the ends which are 
pivotally attached to the frame. 



The height adjustment of the road wheels may be achieved manually by rotating a screw 
jack or more preferably by a powered drive such as one or more hydraulic or pneumatic 
rams. 

In order to reduce the overall width of the machine for transport on roads or manoeuvring 
in restricted spaces, the frame may be constructed from two or more sub-frames which are 
adapted to be locked in two or more configurations, one of which corresponds to the 
normal layout for drilling and in another of which the separate parts are folded or swung 
inwardly, possibly one above the other, to reduce the overall width of the machine. 

The invention will now be described by way of example with reference to the 
accompanying drawings and illustrations in which: 

Fig 1 is a rear perspective view of a machine embodying the invention, 

Fig 2 is a side view of another machine also embodying the invention, but arranged to sow 
seed to greater depth and having levelling tines at the rear instead of wheels, 

Fig 3 is a diagrammatic side view of a machine of the type shown in Fig 1, when mounted 
on the tractor 3-point linkage, 

Fig 4 is a diagrammatic side view of a machine similar to that of Fig 3, but in which the 
frame is attached to the lower links only of the 3-point linkage, and which shows a 
transport (road) wheel which can be pivoted into and out of use, 

Fig 5 is a diagrammatic side view of the elements making up the machine of Figs 1 and 3, 
Fig 6 is a diagrammatic top plan view of the same machine, 

Fig 7 is a diagrammatic view looking backwards along the two aligned tines and levelling 
wheels associated with two of the seeding trenches created by the machine, 
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Fig 8 is a diagrammatic cross-section through the ground showing the position occupied by 
the tines as the trenches are formed at sowing, the position of the seed and resulting plants, 
and the conservation strips of unbroken soil, 

Fig 9 is an enlarged cross-section through a trench during seeding using the machine of 
Figs 1 and 3, 

Fig 10 is a diagrammatic side view showing a drill embodying the invention attached to the 
3-point linkage of a tractor for raising and lowering in use, 

Fig 11 is a similar view showing the same drill attached to the tractor via a drawbar, and 

Fig 12 is a plan view from above of one line of tines and compacting wheel showing how 
the seed is spread. 

In Fig 1 a seed drill is shown embodying the invention and comprising a seed hopper 10 
from which seed is delivered by a proprietary pneumatic seed delivery system (or by 
gravity) via delivery tubes such as 12 to each of a plurality of seeding tines (to be 
described later) one of which is denoted by reference numeral 14. The seeding tines are 
arranged in a V-shaped array (when viewed from above), as can be seen in Figs 1 and 6. 

A similar V-shaped array of slotter tines is arranged in front of the seeding tines. One of 
these slotter tines is shown at 16. 

There is a similar number of tines in each of the two arrays and the tines are aligned in the 
direction in which the machine will move when in use. 



The hopper 10 and arrays of tines 14, 16 are carried by a complex frame formed by a 
plurality of rigid struts - typically of hollow box sections, welded or otherwise joined 
together. One of these struts is designated 18, another 19 and another 20. 
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To the rear of the V-shaped array of seeding tines 14 is arranged a similar V-shaped array 
of levelling wheels, one of which is denoted by 22. There is one wheel for each seeding 
tine and like the tines, the wheels are aligned with the tines in the preceding V-shaped 
arrays of tines, in the direction in which the machine will travel in use. 

Ahead of the slotter tines 16 and on opposite sides of the frame are mounted depth 
controlling wheels, one of which can be seen at 24 in Fig 1. Each wheel is carried on a 
stab axle at the end of a pivoting arm and the inclination of the latter is adjustable to alter 
the height of the frame relative to the wheel and therefore the ground. This in turn alters 
the depth to which the tines will penetrate. 

At the front of the machine there is a drawbar or other mechanism (not visible in Fig 1) by 
which the machine can be attached to a tractor, to enable it to be drawn across a field in 
use. 

Although not shown in Fig 1 transport wheels can be secured by means of trailing arms, to 
the frame, which when in place can be lowered into contact with the ground so as to lift 
the tines, levelling wheels and depth control wheels clear of the ground. 
Guiding wheels are carried on arms 26, 28 which can be elevated (as shown) relative to the 
frame for storage and transportation and when not required, but which can be selectively 
swung out and down in known manner to assist the tractor driver, when drilling, to 
position the tractor and machine correctly relative to the previously drilled region of the 
field. 

One of the guide wheels is denoted by 30 in Fig 1 . Skids may be used in place of wheels. 

In the drill of Fig 1 both rows of tines are set to penetrate relatively deeply into the soil, 
but the seeding tines 14 are set to penetrate to a slightly smaller depth than the slotter tines 
16, so that disturbed soil exists both below and above the level at which the seed is 
delivered by the seeding tines 14. 

This arrangement would be typical for drilling wheat or barley seed. 
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The wheels 22 are required to firm the soil over the seed to ensure good soil/seed contact 
to promote germination. To this end each of the wheels is carried at the trailing end of a 
two-part rigid arm assembly such as 32, 33 the forward end 32 being attached to a curved 
spring, one of which is denoted by 34 in Fig 1. The upper end of each spring is attached 
to one of the struts making up the frame and the lower end carries not only the trailing arm 
32 but also serves as the attachment point for the upper end of the seeding tine 14 aligned 
with that wheel. 

The second strut 33 of the two-part wheel support assembly is slidable in a box section 
sleeve 36 at the trailing end of 32 and holes in the walls of the box section strut 33 allow 
the height of the wheel to be adjusted relative to the strut 32 by aligning a pair of holes in 
the strut 33 with a pair of holes in the sleeve 36 and inserting a pin such as 38 
therethrough. 

The slotter tines 16 can also be adjusted relative to the frame (in particular strut 19) both 
as regards depth to which they will penetrate the soil and fore and aft along the frame 
and/or the angle at which they extend downwardly below the frame, using a similar 
method of aligned holes in the frame part to which the tines are attached and holes in the 
upper ends of the tines, and one or more pins which can be pushed through aligned holes 
as required, to maintain the desired position of the slotter tines 16 relative to the frame. 

Although not shown, the seeding tines may also be adjustable in height and angle relative 
to the lower ends of the springs 34 to which they are attached. 

A flexible seed delivery tube such as 12 is attached to the upper end of a rigid delivery 
tube such as 40 which is attached to and extends to the rear of each seeding tine 14, to 
deliver seed below and to the rear of the foot of the seeding tine. 

Fig 2 is a side view of an alternative drill also embodying the invention, in which the 
seeding tines are denoted by 42, the forward slotter tines by 44, the flexible seed delivery 
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tube by 46 and the rigid seed delivery tube by 48. A depth control wheel is shown at 50, 
rigid frame members are denoted by 52, 54, 56 and a seed hopper by 58. 

Slotter tines are attached by pins 60, 62 to plates 64 welded to the frame strut 52 and each 
seeding tine 42 is carried at the trailing end of a C shaped spring 66 the upper end of 
which is bolted to a rearward rigid extension 68 also welded to the frame strut 52. 

Also attached to the lower end of the spring 66 is a two-part trailing arm support 70, 72, 
the part 70 being cranked and including at its rear end a box sleeve 74 in which the box 
section strut making up part 72 slides. The position of 72 in 74 is maintained by a pin 76. 

The lower end of each seeding tine 14 in Fig 1 (or 42 in Fig 2) may be formed with wings 
to form an A-hoe. 

The frame of the drill shown in Fig 2 is adapted at its forward end to be mounted on a 3- 
point linkage of a tractor part of which can be seen in Fig 2 and is denoted by 78. 

In place of the levelling wheel 22 of Fig 1 the drill of Fig 2 includes a bifurcated sprung 
levelling tine 80 at the lower end of each of the struts 72. 

The slotter tines 44 and seeding tines 42 of the drill of Fig 2 are set to penetrate the soil to 
substantially the same depth, which may be 100-150mm when seeding beans for example. 
Whereas it is desirable to firm the soil with wheels when sowing wheat or barley seed for 
example, it is not so necessary when sowing seed to the greater depth associated for 
example with beans. In that event the surface tilling action of the tines 80 is sufficient to 
redistribute and level the disturbed soil over each strip of ground which has been seeded, 
thereby ensuring good aeration and drainage above the seeds. 

Fig 3 illustrates diagrammatically the key features of the Fig 1 drill and the same reference 
numerals have been used to denote similar items. Visible in Fig 3 is a fore to aft frame 
member 82 which is not visible in Fig 1. 
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In Fig 3 the front of frame 82 is attached to the lower links 84 of a tractor 3-point linkage. 
The front end of 82 includes a rigid upright frame 86 to which the adjustable top link 88 is 
attached so that by adjusting the length of 88, so the angle at which the frame 82 will 
extend from the rear of the tractor can be adjusted. 

Fig 4 illustrates an alternative manner of attaching the front end of 82 via a drawbar 90 to 
the lower links 84 of the tractor 3-point linkage. Here a rigid strut 92 extends between the 
upper and lower links and the front of the drawbar. 

Also shown in Fig 4 is a transport wheel 94 carried by a trailing arm 96 which is adapted 
to be secured at its forward end to and appropriate extension of the frame 82 (not shown), 
when required. 

Fig 5 shows the relationship between slotter tines 16, seeding tines 14, levelling wheels 22 
and the ground 98 when sowing wheat or barley for example, near the surface. 
Fig 6 shows the V-shaped array of tines and wheels. 

Fig. 7 shows how the lateral spacing of the tines and wheels defines the gap between seeded 
strips. Visible in Figs 3, 4 and 7 are the A-hoe wings 100 below and to the rear of which 
the seed is delivered in use as denoted by 102 in Figs 5-7. 

Fig 8 shows the result obtained when using this improved drill. The slotter tines are 
indicated at 104, and typically are 20mm wide. Their effect is to create a generally 
triangular section trench (or slot) such as 106 in which the soil is broken up. The seed is 
delivered to whatever depth is desired in the trench - shown at 108 in Fig 8. 

The action of the tines 104 is to displace soil and previous crop residue (if present) into the 
strips of ground left untouched by the tines 104, and this is denoted by 110. 

After germination seed such as 108 will result in plant growth such as at 112. 
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As shown the width at the top of each trench 106 is approximately 150mm and by spacing 
the tines laterally by 300-320mm, an uncultivated strip approximately 150-160mm wide 
will remain between each seeded strip corresponding to the trench 106. 

Fig 9 shows the effect of the drilling in one of the trenches of Fig 8. Here the seed 1 14 is 
shown being delivered from a pneumatically powered seed delivery system via an injector 
116 immediately to the rear of an A-hoe 118 at the lower end of a seeding tine 120. The 
slotter tine aligned with and preceding the A-hoe and seeding tine 118, 120 is shown at 
122. 

As shown in Figs 8 and 9 the seed is being sown near the top of the trench 106 but if beans 
or the like were being sown, the seeding tine 120 and injector 116 would be set to 
penetrate nearer to the bottom of the trench and the A-hoe would likely be replaced by 
smaller wings. 

In Fig 10 frame 82 includes a rigid upright frame member 135 (typically a triangulation) at 
its front end enabling the frame to be attached to the upper and lower links of a tractor 3- 
point linkage 137, 139 respectively. Adjusting the length of link 137 will alter the angle 
made by the upright section 135 to the horizontal - and therefore the angle of frame 82 to 
the horizontal. Altering the inclination of lower links 139 will raise or lower frame 82 
which in known manner will remain at substantially the same angle to the horizontal. 
Thus, in this way, the frame can be raised for transportation or turning in the field and 
lowered until the depth control wheels 141 engage the ground. Each wheel 141 is carried 
by a pivoting arm 143 which is adjustable in inclination relative to the frame 82 so as to 
thereby alter the depth to which the tines 124 and 126 will penetrate, and up to a point the 
pressure which will be exerted by the compacting wheels 128. 

The arms 143 may be manually adjustable or hydraulically or pneumatically adjustable. 
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In general it is only necessary to alter the position relative to the frame 82 of one of the 
sets of tines. Typically the front tines 124 are adjustable relative to the frame 82 by holes 
in the shank of the tine and a pair of holes in the frame 82 and a pin which can be inserted 
therethrough when the desired position is reached. 

In Fig 11 the frame includes a towbar 130 pivotally jointed at 132 to the front end of the 
frame 82 and attached at its front end to the tractor drawbar 134. An adjustable strut 136 
(hydraulic ram, pneumatic ram or bottle screw) is pivotally fitted to a mounting 138 
midway along the towbar 130 at one end, and at its other end to the upper end 140 of a 
triangulation framework 142, 144. Adjustment of 136 causes the frame 82 to pivot about 
the axis of the axles of depth control wheels 141 which are mounted to the frame by arms 
143 as described in relation to Fig 10. 

The function, adjustability and mounting of the tines 124, 126 and wheels 128 is also as 
described in relation to Fig 10. 

In sue the wheels 141, length of strut 136 and position of tines 124 relative to the frame 82 
are selected so that when the frame 82 is generally parallel to the ground the tines 124, 126 
will each penetrate to the desired depth and an appropriate pressure will be exerted through 
wheels 128 to compact the soil behind the seeding tines 126. 

Fig 12 shows how each front (slotter) tine 124 prepares only the ground which is to be 
seeded and does not need to disturb soil on either side of the seeding line 146. 

The following tine 126 and seed delivery device is arranged to spread the seed on either 
side of the slot created by tine 124 by means of a suitable spreading device to the rear of 
tine 126, or (if tine 126 is adjusted to penetrate to substantially the same depth as tine 124) 
at spaced apart points along the line of the slot 145 at or near the bottom of the slot. 



Where seed is spread using an A-hoe coulter on the tine on either side of the slot (i.e. 
shallow drilling) the width of the spread may be 75mm on either side of the slot (giving 
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row width of approximately 150-160mm) and if the tines are spaced apart by 300-320mm, 
approximately 150mm of undisturbed soil between the rows. 

Where seed is sown individually at the bottom of the slot, the row width will be 
approximately 20mm (i.e. equal to the slot width) but now the spacing between rows will 
be some 300mm. 

The invention thus provided a direct drill which creates minimal disturbance to soil 
between the rows of crop being seeded, but which can also be used to drill conventionally 
prepared seedbeds if required. 
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C1367/C 
CLAIMS 

1 . A method of sowing seed comprising the steps of: 
(a) 



# 



breaking up soil by pulling laterally spaced apart first tines therethrough with the 
toes set to penetrate a depth which bears a fixed relationship to the depth at which 
the seed . to be sown, to create a corresponding piurality of shallow trenches of 
broken up soil, 

(b) at a distance behind ana in line with each of the firs, tinea, introducing seed to the 
rear o, a second tine via seed delivery means associated therewith, the penetration 
depth of the second tine being equal to the depth a, which tie seed is to be sown to 
the trench, and 

(O flattening the soil in toe trenches by levelhng means aligned with and following the 
tines. 

2. A method as claimed to claim 1 wherein second tines penetrate «o substantially me 
same depth as the first tines. 

3. A method as claimed to claim 2 wherein the second tines include Urteral wtogs «o break 
up and lift tire soil to facilitate me deposition of seeds a, toe bottom of each trench. 

4. A method as claimed to claim 1 wherein the second ttoes penetrate to par. of the depth 
of the trenches created by the first tines. 

5. A method as claimed in claim 4 whereto toterally extending wings on the second ttoes 
hft and spread the sou broken np by me fir* tines near me top of each trench, and the 
seed rs introduced below me lifted soil, so ma, toe seed is covered by the soil as i, 
drops back into the tipper region of each trench. 



4 
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6. A method as claimed in claim 1 wherein the second tines penetrate to a greater depth 
than the first tines. 

7. A method as claimed in claim 6 wherein the second tines include lateral wings to break 
up and lift the soil at the bottom of the trenches formed by the second tines to facilitate 
the deposition of seeds at the bottom of each trench formed by the second tines. 

8. Apparatus for cultivating soil and sowing seed comprising: 

(a) a frame, adapted in use to be towed by, or attached to the rear of, a tractor, 

(b) a first row of tines carried by the frame and spaced apart across the width of the 
frame, 

(c) a second row of tines also carried by the frame and spaced apart across the width of 
the frame, each of the times in the second row being aligned with one of the tines in 
the first row and spaced therefrom in a direction parallel to the direction of forward 
motion of the apparatus in use, 

(d) a hopper means containing seed, 

(e) means for feeding seed therefrom to the rear and underside of each of the second 
tines, 

(f) soil levelling means carried by the frame and located in alignment with the tines to 
die rear of the second row of tines (relative to the said forward direction of motion 
when in use), so that as the apparatus moves in a forward direction, soil that has 
been disturbed by the tines is generally flattened by the passage of the levelling 
means thereover. 
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9. Apparatos as claimed to claim 8 whereto toe penetration depth of at least some of the 
tines is adjustable relative to the frame. 

10. Apparatos as claimed in claim 9 wherein toe penetration depth of toe firs, row of tines 
ts abatable and those in toe Mowing row are fixed relative to toe frame, toe actoal 
depth to which the second row of tines penetrates being governed by toe angle made by 
the frame to toe horizontal as determined by its attachment in nse to the towing tractor. 

stmilar depth, so that toe seed is delivered near to or at toe bottom of each trench of 
disturbed and broken-up soil. 

12. Apparatus as claimed in claim 11 wherein toe levelling mean* comprises .evelling 
tines. 

13. Apparatus as claimed in claim 8 or 9 wherein the tines are adjusted so that those in the 
second row penetrate to only part of the depth penetrated by those in the first row so 
that m use the seed will be delivered nearer to the top of each trench. 

14. Apparatus as claimed in claim 13 wherein each levelling means comprises a skid plate 
or a wheel, the height of which is adjustable, to create just sufficient pressure on the 
sod so as in use to compact the soil above and in the region of the seed, to create good 
soil to seed contact. 

15. Apparatus as claimed in claim 8 or 9 wherein the tines are adjusted so that those in the 
second row will in use penetrate to a greater depth than those in the first row. 

16. Apparatus as claimed in any of claims 8 to 15 wherein the tines in the second row 
include lateral wings which in use lift the disturbed and broken up soil in the trench 
created by the first tines, as the second tines move therethrough, to allow seed to fall 
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below the lifted soil which, as the second tines continue to move forward, will fall back 
to cover the seed before the soil is flattened by the following levelling means. 

17. Apparatus as claimed in any of claims 8 to 16 wherein the pressure exerted on the soil 
by the levelling means is adjustable. 

18. Apparatus as claimed in claim 17 wherein the pressure is selected so that in use the soil 
below the seed will not be compacted, so as not to impair the aeration and drainage 
properties created by breaking up the soil below where the seed is to lie. 

19. Apparatus as claimed in any of claims 8 to 18 wherein the hopper means containing the 
seed is a single hopper carried centrally of the frame. 

20. Apparatus as claimed in any of claims 8 to 19 wherein in use seed is delivered from the 
hopper means under gravity to each of the seed delivery means associated with each of 
the second row of tines. 

21. Apparatus as claimed in any of claims 8 to 19 further comprising pneumatically 
powered seed delivery means which in use operates to deliver seed to the seed delivery 
means associated with each of the second row of tines. 

22. Apparatus as claimed in any of claims 8 to 18 wherein a separate seed hopper is 
mounted above each of the tines in the second row of tines. 

23. Apparatus as claimed in claim 22 wherein in use seed is delivered from each hopper to 
its associated tine under gravity or by means of a pneumatically powered seed delivery 
means. 

24. Apparatus as claimed in each of claims 8 to 23 wherein the frame is adapted to be 
attached to a 3-point linkage at the rear of the tractor, so that in use the overall height 
of the frame and its angle of inclination relative to the ground, can be adjusted. 
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25. Apparatus as claimed in any of claims 8 to 24 wherein the frame includes depth wheels 
ahead of the first row of tines. 

26. Apparatus as claimed in any of claims 8 to 25 further comprising road wheels and a 
drawbar which extends forwardly of the frame for attachment to a towing hook on the 
tractor, to allow the frame to be trailed behind a tractor without using the 3-point 
linkage. 

27. Apparatus as claimed in any of claims 8 to 26 wherein the spaced apart rows of tines 
and soU levelling means are arranged in parallel spaced apart V formations. 

28. Apparatus as claimed in any of claims 8 to 27 wherein each of the tines in the first row 
comprises a knife or slotter tine which in use is adjusted independently for depth of 
work. 

29. Apparatus as claimed in any of claims 8 to 28 wherein each of the tines in the second 
row is independently adjustable for depth of work. 

30. Apparatus as claimed in any of claims 8 to 29 wherein each of the tines in the second 
row is provided with or forms a seed spreader oudet to sow seed across the width of 
the trench to whatever level the second tine penetrates in use. 

31. Apparatus as claimed in claim 29 or 30 wherein each of the tines in the second row 
includes or carries or is fitted with a sweep or A-hoe. 

32. Apparatus as claimed in claim 30 or 31 wherein the lateral spacing of the tines and the 
size of the sweep or A-hoe are selected so that in use seed will be sown in strips which 
are of the order of 150mm wide separated by unseeded strips which are also of the 
order of 150mm wide. 
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33. Apparatus as claimed in any of claims 8 to 32 wherein each of the second tines is a 
spring tine. 

34. Apparatus as claimed in claim 33 wherein the second tines are S-shaped spring tines. 

35. Apparatus as claimed in any of claims 8 to 34 wherein wheels are mounted on the 
. frame so that in use they follow the tines to flatten and compact the soil. 

36. Apparatus as claimed in claim 35 wherein one wheel is provided for each second tine. 

37. Apparatus as claimed in claim 36 wherein each wheel is attached by a rigid arm to the 
centre of the S-spring, the upper part of the spring serving in use to exert a downward 
force on the wheel through the arm and thereby through the wheel to the soil. 

38. Apparatus as claimed in any of claims 8 to 32 wherein the each of second tines 
comprises a slotter tine similar to each of the first tines. 

39. Apparatus as claimed in claim 38 wherein in use the second tines are adjusted to 
penetrate to substantially the same depth as the first tines. 

40. Apparatus as claimed in claim 39 wherein the soil levelling means comprises wheels or 
levelling tines, one wheel or set of levelling tines for each second tine. 

41. Apparatus as claimed in any of claims 8 to 40 wherein road wheels are attached to the 
frame and adapted in use to be lowered for trailing the machine behind a tractor and to 
be raised when the apparatus is to be used for cultivating and sowing. 

42. Apparatus as claimed in any of claims 8 to 40 wherein road wheels are removably 
attached to the frame so that the weight of the machine can be reduced when in use for 
cultivating and sowing, by removing the wheels. 
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43. Apparatus as claimed in claim 42 wherein quick release attachment means is provided 
to allow the road wheels to be mounted and demounted as required. 

44. Apparatus as claimed in claim 42 or 43 wherein the wheels are carried on stub axles at 
the ends of support arms and the latter are pivotably attached to the frame, and raising 
and lowering is achieved by pivoting the support arms relative to the frame. 

45. Apparatus as claimed in claim 41 or 42 which further comprises a screw jack for 
adjusting the height of the road wheels relative to the frame. 

46. Apparatus as claimed in claim 41 or 42 which further comprises hydraulic or 
pneumatic ram means wherein height adjustment of the road wheels relative to the 
frame is achieved by supplying hydraulic fluid or air under pressure to the ram means. 

47. Apparatus as claimed in any of claims 8 to 46 wherein the frame is constructed from at 
least two sub-frames which are adapted to be locked in use in two or more 
configurations, in one of which the sub-frames adopt a layout for drilling (i.e. 
cultivating and sowing) and in another of which one or more of the sub-frames parts 
are folded or swung inwardly, to reduce the overall width of the machine for transport 
on roads or manoeuvring in restricted spaces. 

48. Apparatus as claimed in claim 47 wherein at least one of the sub-frames is adapted to 
overlie at least one other of the sub-frames after it has be folded or swung inwardly. 

49. A method of soil cultivation and seed sowing using apparatus as claimed in any of 
claims 8 to 10 wherein in use the first tines penetrate deeper than the second tines, and 
in which the first tines are set to penetrate to a depth which is 20 to 170mm deeper 
than the depth to which the seed is to be delivered. 
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50. A method of soil cultivation and seed sowing using apparatus as claimed in any of 
claims 8 to 48 which in use is adapted to cultivate the soil only where the seed is to be 
planted, thereby creating a conservation tillage by not disturbing the soil between the 
seeded rows, so that weed seed in the soil between the seeded rows will tend not to 
germinate because the soil between the rows has not been disturbed. 

51. A method of soil cultivation and seeding previously cropped land using apparatus as 
claimed in any of claim 8 to 48 which in use operates as a direct drill in residue such as 
straw and stubble of the previous crop, in which the passage of the tines through the 
soil moves the crop residue onto the soil between the seeded rows, to serve as a mulch. 

52. A method of cultivating soil and sowing bean seeds using apparatus as claimed in any 
of claims 8 to 10 wherein in use the first tines are set so as not to penetrate lower than 
the second set of tines. 

53. A method as claimed in claim 52 wherein the first tines are in use set to penetrate to a 
reduced depth compared to the depth of penetration of the tines in the second row. 

54. A method as claimed in claim 51 wherein prior to the cultivating and sowing step the 
previous crop residue is chopped and spread evenly over the ground. 

55. Methods of cultivation and sowing seed or drilling substantially as described herein. 

56. Apparatus for cultivating and sowing or drilling constructed arranged and adapted to be 
operated substantially as herein described and/or illustrated in the accompanying 
drawings. 
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C1367/C 



ABSTRACT 



A method of cultivating and sowing seed is described in which soil is broken up by pulling 
laterally spaced apart first tines therethrough with the tines set to penetrate a depth which 
bears a fixed relationship to the depth at which the seed is to be sown, to create a 
corresponding plurality of shallow trenches of broken up soil, and at a distance behind and 
in line with each of the first tines, introducing seed to the rear of a second tine via seed 
delivery means associated therewith. The penetration depth of each second tine is equal to 
the depth at which the seed is to be sown in the trench. The soil in the trenches is flattened 
by levelling means aligned with and following the tines. The second tines can penetrate to 
substantially the same depth, or deeper, or to a shallower depth than the first tines. The 
second tines can include lateral wings to break up and lift the soil to facilitate the 
deposition of seed at the bottom of each trench. Apparatus for performing the method is 
described which comprises a frame, adapted in use to be towed by, or attached to the rear 
of, a tractor and a first row of tines is carried by the frame, the tines being spaced apart 
across the width of the frame. A second row of tines follows the first with the tines in the 
second row being aligned with those in the first row. A hopper containing seed, feeds seed 
to the rear and underside of each of the second tines. Soil levelling means is aligned with 
the second row of tines to flatten soil disturbed by the tines. Detachable and/or liftable 
road wheels and/or height determining wheels are carried by the frame. 
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